We explore, in the MSSM context, an extension of the Anomaly Mediated Supersymmetry Breaking solution for the soft scalar masses that is possible if the underlying theory has a gauged R-symmetry. The slepton mass problem characteristic of the scenario is resolved, and a context for the explanation of the fermion mass hierarchy provided.
Recently there has been interest in a specific and predictive framework for the origin of soft supersymmetry breaking within the MSSM, known as Anomaly Mediated Supersymmetry Breaking (AMSB). The supersymmetry-breaking terms originate in a vacuum expectation value for an F-term in the supergravity multiplet, and the gaugino mass M , the φ 3 coupling h ijk and the φφ * -mass (m 2 ) i j are all given in terms of the gravitino mass, m 0 , and the β-functions of the unbroken theory by simple relations that are renormalisation group (RG) invariant [1] - [20] . Direct application of this idea to the MSSM leads, unfortunately, to negative (mass) 2 sleptons: in other words, to a theory without a vacuum preserving the U 1 of electromagnetism. Various resolutions of this dilemma have been investigated; here we explore a particularly minimalist one, which requires the introduction of no new fields into the low energy theory. The key lies in a compelling generalisation of the RG invariant solution described above [5] . The basic AMSB solution is given by:
(m 2 )
Now β m 2 is given by [3] (see also [21] - [25] )
where
and (in the NSVZ scheme) [4] [26]
(Here r is the number of generators of the gauge group and C(R) and C(G) are the quadratic matter and adjoint Casimirs respectively.)
1 In Ref. [25] the existence of X (absent in Ref. [24] ) is confirmed 
Remarkably, Eq. (6) has a solution of the form [5] [8]
where m 2 0 and q i are constants, as long as a set q i exists that satisfy the following constraints:
where Q is the one loop β g coefficient. It is easy to show [5] that Eq. (8) corresponds precisely to requiring that the theory have a non-anomalous R-symmetry (which we will denote R, to avoid confusion with our notation R for group representations). Setting
we see that Eq. (8a) corresponds to (r i + r j + r k )Y ijk = 2Y ijk , which is the conventional R-charge normalisation. Moreover, it is then easy to show (recall that the gaugino has R-charge of 1) that Eq. (8b) is simply the anomaly cancellation condition for the R-charges.
Our strategy in this paper will be to take the AMSB solution Eq. (1), but with Eq. (1c)
For a discussion of a possible origin of m 2 0 as the vacuum expectation value of a U 1 D-term, see Ref. [8] .
In a theory with direct product structure there is a relation of the form Eq. (8b) for each gauged subgroup; so in the MSSM case there are three conditions, corresponding to cancellation of the R(SU 3 ) 2 , R(SU 2 ) 2 and R(U 1 ) 2 anomalies. There are also anomalies associated with (R) 3 and a R-gravitational anomaly 2 , but we suppose the existence of a MSSM-singlet sector (at high energies) which contributes to these constraints. We do, however, impose cancellation of the (R) 2 U 1 anomaly, although (as with the (R) 3 and R-gravitational anomalies) this is not required to render Eq. (10) RG-invariant.
Now for the MSSM superpotential
there is no possible R-symmetry, satisfying the constraints described above, such that all the Yukawa couplings are non-zero [27] 3 . This fact forces us to distinguish between the generations and thus provides a context for explaining the fermion mass hierarchy. We therefore presume an R-charge assignment such that only the third generation Yukawa couplings are permitted (we will return later to the origin of the first two generation masses). We will, however, enact the constraint that the first two generations have identical R-charges. This leads to natural suppression of Flavour Changing Neutral Currents (FCNC) mediated via the quark-squark-gluino vertex.
Thus for the superpotential to have R-charge 2, we require (henceforth we work with the fermionic charges, related to the R-charges by q f = r − 1):
while for cancellation of the mixed anomalies we require
anomalies respectively. It is easy to show that even without imposing the quadratic constraint Eq. (13d), the system of equations Eqs. (12), (13) has no solution if we set q 1 = q 3 , u 1 = u 3 etc. Thus, as asserted above, there is no possible generation independent 3 Application of the scenario to the MSSM was dismissed in Ref. [5] , presumably for this reason.
R-charge assignment. The above constraints may be solved (for arbitrary values of the leptonic charges) as follows: (14f )
where κ = l 1 − l 3 + e 1 − e 3 − 3, and κ = −12l 3 − 16e 3 + 10e 1 − 23. Thus for any set of rational values for the leptonic charges there exist rational values for all the charges.
We will presently exhibit a set of sum-rules for the sparticle masses that are completely independent of the set of values l 3 , e 3 , κ, κ. Let us first see whether we can gain any insight on the R-charge assignments by relating them to a possible origin of the light quark and lepton masses. Suppose [29] there are higher-dimension terms in the effective field theory of the form (for the up-type quarks) We thus obtain Yukawa textures of the general form:
for the up and down quarks, and
for the leptons, where
and σ = (|r θ |) −1 (provided r θ is such that all the exponents in Eqs. (15), (16) are integers). More complex scenarios may be contemplated in which there are more than one pairs of θ, θ fields, but we do not consider this further.
In work on Yukawa textures it is common to assume that they are symmetric: this assumption is not dictated by the theoretical structure of our model. Moreover, it is easy to show that to obtain symmetric textures for both up and down quarks requires κ = κ = 0.
This then implies that the up and down quark Yukawa couplings amongst the 1st and 2nd
generations are also allowed (and presumably of O(1), leaving the fermion mass hierarchy unexplained). We therefore abandon the symmetric paradigm; as an alternative simplifying assumption, motivated by the similarity of the hierarchies of the down quark and lepton masses, we impose ∆ d = ∆ L . This requires
where λ = 2l 3 + e 3 . We then find δ q =
. The only value of λ we have found which leads to nice textures with only one pair of θ, θ fields is λ = − ; with r θ = 3 8 , we then obtain texture matrices of the form
The charges now have the form shown in Table 1 . It is easy to show that as long as − < 0, the contribution to each slepton mass term due to the q term in Eq. (10) will be positive, and we may expect to achieve a viable spectrum; however, it turns out that it is still non-trivial to obtain an acceptable minimum because, for example, if e = 0 and m The mechanism proposed for generating the light fermion masses raises the following issue. As a symmetry of the low energy effective field theory, our R-symmetry forbids from the superpotential, Eq. (11), not only the light fermion Yukawa couplings but also the well-known set of baryon and lepton-number violating terms of the form QLd
It is clear that a priori the same mechanism we invoke above to generate the light masses might lead to similar contributions to these operators, for example via the
However it is easy to check that, with the charge assignment we make above for the θ, θ fields, the value of p required to render this operator R-invariant is not an integer; and similarly for the other baryon and lepton-number violating operators
above. There will in general be higher-dimensional B-violating and L-violating operators but the effects of these will be strongly suppressed.
The phenomenology of AMSB-models has been discussed at length in the literature.
If we compare our model here with the constrained MSSM (where the assumption of soft universality at the unification scale means that the theory is characterised by the usual input parameters, tan β, m 0 , m 1 2 and A), we see that we have the same number of parameters, tan β, m 0 , m 2 0 and the R-charge e. We can try and further constrain the model by demanding that the soft H 1 H 2 mass term lies on the same RG trajectory as the other soft terms (see Ref. [3] ), but we find it impossible to find a satisfactory vacuum in that case.
A characteristic feature of AMSB models is the near-degenerate light charged and neutral winos; this prediction, depending as it does on Eq. (1a), is preserved in the scenario presented here. A variety of mass spectra for m 0 = 40TeV (corresponding to a gluino mass of around 1TeV), but with different values of tan β, e and m 2 0 , is presented in Table 2 ; we were unable to find any values of e and m Table 2 ) that theν τ is the LSP. As is well known, radiative corrections give a sizeable upward contribution to the mass of the light CP-even Higgs, and so we have included the one-loop calculation (in the approximation given by Haber [31] ). the R-charge assignment cancels. These sum rules follow from Eq. (14); and thus for the particular solution exhibited in Table 1 , they are independent of e. We find the following relations for the physical masses (in each case independent of e and sign µ s ; in general the numerical results depend on tan β, here taken throughout to equal 5, and also on m 0 , here taken throughout to be 40TeV, due to the running to M SUSY (which depends on m 0 )): 
Eqs. (21c, d) above involve only the first (or second) generations, and so the numerical results here are also independent of tan β. Thus these two sum rules hold for every column in Table 2 , as is easily verified.
It is interesting to compare these sum rules with the corresponding ones in the FayetIliopoulos scenario described in our previous paper [16] ; essentially the distinction lies in the non-zero RHS in Eqs. (21a − e).
In conclusion, we have shown that within the MSSM it is possible to construct a solution to the running equations for m 2 , M and h that is completely RG invariant, and leads to a phenomenologically acceptable theory, resulting in a distinctive spectrum with sum rules for the sparticle masses. Two sources of supersymmetry-breaking are required, one corresponding to the gravitino mass (at around m 0 = 40TeV) and another, related to a R-symmetry, at around |m 0 | = 300 − 500GeV. The magnitude of the latter suggests the idea of a common origin for it, the µ s term and the associated H 1 H 2 soft term. A convincing demonstration of this would considerably enhance the attractiveness of this model. It would also be interesting to consider variations on the same theme; forbidding the Higgs µ s term, or incorporating massive neutrinos, for example.
